The periacetabular gap is an inherent consequence of the peripheral rim press-fit of the porous tantalum acetabular component. The circumference of the prosthesis is clearly depicted with computed tomography (CT) images that have been optimised to reduce metal artefacts. This case report highlights the utility of single-energy metal artefact reduction (SEMAR) for CT evaluation of the periacetabular gap by comparing CT images with and without SEMAR. A 70-year-old woman with a 5-year history of rheumatoid arthritis underwent total hip arthroplasty with a porous tantalum modular acetabular component. A periacetabular gap was suspected by plain radiography 2 weeks postoperatively. The metal artefacts rendered evaluation of the circumference of the acetabular component difficult in CT images acquired without SEMAR. In contrast, there were fewer metal artefacts, and a periacetabular gap (depth of 6.5 mm in DeLee and Charnley zone 2) was clearly depicted in CT images with SEMAR 2 weeks postoperatively. The porous surface of the acetabular component was in contact with the anterior and posterior rims of the acetabulum. Gap filling with bone and bone ingrowth into the porous surface were observed on CT images with SEMAR 24 weeks postoperatively. In conclusion, SEMAR reduces metal artefacts and improves CT image quality around the circumference of the acetabular component. The periacetabular gap and its filling with bone are clearly depicted in CT images with SEMAR, but not without SEMAR.
INTRODUCTION
The success of long-term fixation of the cementless acetabular component in total hip arthroplasty (THA) depends on biological fixation with bone. Initial stability and bone ingrowth around the prosthesis are important for this fixation. 1 The large pore diameter and high-volume porosity of porous tantalum have recently been shown to contribute to extensive bone ingrowth. 2 Additionally, tantalum has a higher friction coefficient compared to other conventional orthopaedic implant coating materials. 3 The porous tantalum acetabular component (Trabecular Metal Modular Acetabular cup, Zimmer Inc., Warsaw, IN, USA) has a hemi-ellipsoid shape, and is inserted using the press-fit technique. The high friction coefficient and elliptic shape can contribute to initial fixation in the component. However, as an inherent consequence of the peripheral rim press-fit, partial contact results in the formation of a gap between the acetabular component and acetabular bone. 4 The periacetabular gap could potentially be a space for accumulation of wear debris and macrophage proliferation, which can cause osteolysis and implant loosening. 5 Therefore, evaluating the gap is important for predicting the long-term fixation of the acetabular component.
Computed tomography (CT) is useful for the evaluation of organs when plain radiography is insufficient for diagnosis or to assist in clinical decision making. However, metal artefacts are a major problem when evaluating metal materials by CT. Recently, single-energy metal artefact reduction (SEMAR, Toshiba Medical Systems, Tochigi, Japan), a raw data-and image-based technique, was developed. Metal artefact-free CT images can be obtained by reconstructing images scanned as usual using this algorithm. A recent study showed that SEMAR improved the image quality of peri-artefact structures in patients with hip and dental prostheses and embolization coils. 6 Here we report a case in which the gap between the porous tantalum acetabular component and acetabular bone was evaluated by CT with SEMAR. This case report highlights the utility of SEMAR for CT evaluation of the periacetabular gap by comparing CT images with and without SEMAR. Written informed consent was obtained from the patient for publication of this case report and accompanying images.
CASE DESCRIPTION
A 70-year-old woman who had a 5-year history of rheumatoid arthritis and sustained clinical remission had been treated with methotrexate, sulfasalazine, and glucocorticoids. She complained of right hip pain that began 6 months before surgery. She experienced night pain and her pain-free walking distance was 200 metres. On physical examination, the right hip demonstrated a slightly limited range of motion. Pain was exacerbated by hyperflexion and flexion-internal rotation. The manual muscle test grade of the right hip abductor and right knee extensor was 4/5. There were no symptoms in joints other than the right hip. Plain anteroposterior radiograph of the hip demonstrated the lack of joint space, osteophyte formation on the femoral head and acetabulum, and partial collapse of the femoral head (Fig. 1A) .
The patient underwent THA via a posterior approach. A porous tantalum modular acetabular component with a polar diameter of 50 mm was used with a highly cross-linked polyethylene acetabular liner. The acetabulum was prepared with a hemispherical reamer. The diameter of the final reamer was the same as the polar diameter of the acetabular component and 2 mm smaller than the equator diameter. The acetabular component was implanted in a press-fit manner, and fixed with two screws. An uncemented tapered femoral component (Versys, Zimmer Inc., Warsaw, IN, USA) with a cobalt chrome alloy femoral head with a diameter of 28 mm was implanted. Postoperatively, full weight bearing was allowed after 3 days depending on the degree of pain. No complications were encountered during the postoperative period. She had complete resolution of the preoperative hip pain and was ambulating without a cane 3 weeks postoperatively.
In radiographic evaluation, the periacetabular gap was defined as an area in which the porous surface of the acetabular component did not contact acetabular bone. The depth of the gap was corrected for magnification using the known diameter of the equator of the acetabular component. The periacetabular gap was suspected by plain anteroposterior radiographs of the hip 2 weeks postoperatively (Fig. 1B) . Further radiographic evaluation was performed using CT because the quality of plain radiography was insufficient for evaluating the gap. CT scan was performed on a 320-detector CT scanner (Aquilion ONE, Toshiba Medical Systems, Tochigi, Japan), and the scanned images were reconstructed with and without SEMAR.
Metal artefacts rendered evaluation of the circumference of the acetabular component difficult in CT images acquired without SEMAR ( Fig. 2A, B) . In contrast, metal artefacts were reduced, and the periacetabular gap was clearly depicted, in CT images with SEMAR 2 weeks postoperatively (Fig. 2C, D) . The gap had a maximum depth of 6.5 mm in DeLee and Charnley zone 2. The porous surface of the acetabular component was in contact with anterior, posterior, and superior rims of the acetabulum (Fig. 2C, D) . At 24 weeks postoperatively, gap filling with bone and bone ingrowth into the porous surface were observed by CT images with SEMAR (Fig. 2E, F) , but not by plain radiography (Fig. 1C) .
DISCUSSION
SEMAR reduced metal artefacts and improved CT image quality around the circumference of the acetabular component. Gaps and contact between the acetabular component and acetabulum were clearly depicted in CT images with SEMAR, but not in CT images without SEMAR due to metal artefacts. Interestingly, CT images with SEMAR revealed the periacetabular gap to be filled along with bone ingrowth into the tantalum porous surface of the acetabular component within 24 weeks postoperatively. To our knowledge, this is the first report describing the evaluation of the periacetabular gap using CT with SEMAR.
The high friction coefficient and hemi-ellipsoid shape of the porous tantalum acetabular component can create a periacetabular gap due to the peripheral rim press-fit. A recent study using plain radiography reported an incidence of gaps in the porous tantalum modular acetabular component of 18.3%, with a significantly higher incidence in cases with an undersized or samesized reamer, compared to cases with an oversized reamer. 4 The cause of the periacetabular gap in the present case was likely the peripheral rim press-fit following same-size reaming. Use of a final reamer that is one size larger than the selected acetabular component could be one way to prevent the occurrence of a periacetabular gap. However, previous evaluations by plain radiography revealed that periacetabular gaps are filled within 1 year postoperatively, and this did not alter the longevity of the porous tantalum acetabular component. 4 In the present case, the periacetabular gap was not filled in at 24 weeks postoperatively, as assessed by plain radiography. Further follow-up may be necessary to confirm gap filling with this modality. Another possibility is that plain radiography is inadequate for evaluating the periacetabular gap.
Plain anteroposterior radiography of the hip is the standard imaging modality for evaluating THA. A previous study compared plain radiography with histological findings of the periacetabular gap and bone ingrowth into the porous surface. In that study, plain radiographs underestimated the presence of gap areas and overestimated the occurrence of bone apposition. 7 Thus, plain radiography may be unreliable for evaluating the periacetabular gap. This is partially attributable to inherent limitations associated with using two-dimensional radiographs to evaluate patterns over a three-dimensional surface. Loss of the denser line in the unloaded void behind the component is considered gap filling on plain radiographs, and thus it is uncertain whether the periacetabular gap is actually filled with bone. Moreover, potential errors (e.g., patient positioning) can occur with evaluations based on plain radiography. For example, subsequent patient positioning can mask the original gap.
CT overcomes the above limitations of plain radiography by eliminating overlapping shadows that can obscure or simulate disease. Moreover, CT is not affected by patient positioning to the extent that plain radiography is. In the present case, CT images clearly showed the gap and gap filling with bone, whereas plain radiographs did not. However, compared to plain radiography, CT has the drawbacks of radiation exposure and cost. Thus, plain radiography should be the initial imaging modality of choice for prosthesis evaluation due to its simplicity, availability, and minimal expense. Our findings suggest that CT is useful for the evaluation of periacetabular gaps when plain radiography is insufficient.
Various attempts have been made to reduce metal artefacts in CT images. For example, while dual-energy CT images are often subjected to projection-based metal artefact reduction in order to improve their quality, this can complicate the acquisition protocol and increase the radiation dose. 8 In contrast, the SEMAR algorithm uses a simple acquisition protocol and can be applied to single-energy CT, and thus can reduce radiation exposure. Moreover, SEMAR has been shown to reduce metal artefacts more effectively than dual-energy CT-based monochromatic images in patients with total knee arthroplasty. 9 In the present case, gaps and contact between the acetabular component and the acetabular bone were clearly depicted in CT images with SEMAR, whereas they were not in CT images without SEMAR due to metal artefacts. Tantalum reportedly has more intense artefacts than other metals. 10 Nonetheless, SEMAR can effectively reduce these artefacts. The present case report suggests that SEMAR could be useful for evaluating the circumference of prostheses, including the periacetabular gap, regardless of the material used. More generally, CT images with SEMAR has the potential to accurately identify problems associated with prostheses such as periarticular fracture, implant fracture, and implant loosening, as well as the periacetabular gap. Further studies on the utility of SEMAR are warranted.
In conclusion, SEMAR reduces metal artefacts and improves CT image quality around the circumference of the acetabular component. The periacetabular gap and its filling with bone are depicted clearly in CT images with SEMAR.
